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Abstract
A study was performed on capital and operational costs for offshore injection of CO2 into depleted
fields. The main focus was on the design and costs of process requirements for injection, required
conservation (hibernation) and modification of existing platforms between end of gas/oil production
and start of CO2 injection. Also cost estimates for new platforms are provided.
The  study  is  ‘high  level’  and  generic  in  nature  as  no  specific  target  for  CO2 storage has been
selected. For the purpose of this study a simplified approach is used for determination of the
required injection facilities and platform modifications. Nevertheless, the study provides a good
indication on the level of expenditures that can be expected.
© 2010 Elsevier Ltd. All rights reserved
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1. Introduction
This study [1] has been conducted as input for the EBN/Gasunie CO2 transport and storage strategy
advice,  which  was  performed  by  order  of  the  Dutch  Ministry  of  Economic  Affairs  and  serves  as
building block for the National CCS Masterplan [2]. The study was performed on capital and
operational costs for offshore injection of CO2 into depleted fields. The main focus was on the
design and costs of process requirements for injection, required conservation and modification of
existing platforms between end of gas/oil production and start of CO2 injection. Also cost estimates
for new platforms are provided.
The  study  is  ‘high  level’  and  generic  in  nature  as  no  specific  target  for  CO2 storage has been
selected. For the purpose of this study a simplified approach is used for determination of the
required injection facilities and platform modifications. Nevertheless, the study provides a good
indication on the level of expenditures that can be expected.
c⃝ 2011 Published by Elsevier Ltd.
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2. Assumptions and exclusions
For the purpose of this study the injection capacity of the wells is set at 0.6 mln Nm3 CO2 per day
(0.43 million tonnes CO2 per year) and ample supply of fuel gas, at technical costs, is available at
the platform. No workovers are required for production wells.
Furthermore, it has been assumed that CO2 arrives at the platform well above the critical pressure,
at a minimum pressure of 85 bara. A high level review of alternative transportation methods, like
liquid transport by barge or gaseous transport by pipeline, has confirmed that liquid phase transport
by pipelines is for the offshore situation the most favourable option.
Excluded from the scope of the study are (upstream) pipelines, any further upstream systems and
CO2 injection into aquifers.
3. Process facilities
A  simulation  model  was  built  to  evaluate  the  behaviour  of  CO2 from its arrival point at the
platforms  down  to  the  injection  point  into  the  reservoir.  To  determine  the  line-up  of  the  process
facility a typical well was defined.
The simulations indicated that the minimum arrival pressure of 85 bar(a) at the platforms is
sufficient to enable injection and hence no further requirement of pressure boosting equipment is
foreseen. To control the injection of CO2 into  the  well  the  CO2 has to be heated. Therefore, to
control injection pressure and temperature, the required main process facility for CO2 injection is a
combination of heaters and pressure control devices. In addition to this main equipment a fuel gas
conditioning system, process control, wellhead control and safeguarding equipment are needed. No
major electrical power consuming equipment is required, resulting in a process installation which
can be operated with minimum manning and minimum maintenance, opening up the opportunity for
unmanned operation.
In practice, each well has to be evaluated individually, because of its own characteristic and
operational parameters and hence the process facility should be designed to its specific conditions
and requirements.
In the pressure/temperature ranges studied the phase behaviour of CO2 is complicated and has a
pronounced effect on the technical design and hence costs of the facilities. In view of the criticality,
the injection behaviour of CO2, especially in combination with reservoir behaviour, needs to be
studied further. This to confirm that the proposed process installation is indeed suitable for offshore
CO2 injection and also to optimise required heating capacities and its configuration.
Due to the different service of the equipment the opportunity to reuse existing equipment is rather
limited.
4. Platform modifications
To analyse the possibilities for reuse of existing platforms for CO2 injection, based on the proposed
process facilities, three typical platforms were defined that are generally found at the Dutch sector
of the North Sea. The three platform types are:
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 Sales export platform (SEP): large platform with extended gas processing facilities
(typically 6 leg jacket);
 Satellite platform (SAT): medium sized platform with basic gas processing facilities
(typically 4 leg jacket);
 Wellhead on a stick (WOS): minimum sized platform with limited processing facilities
(typically mono-tower).
The three platform types are reviewed for the adequacy of accommodating the new CO2 processing
facilities, with or without removal of existing equipment or structural enhancement. The study
demonstrated that generally re-use of the WOS type is not feasible considering future loads and
deck space requirements. For the SAT and SEP type of platforms, existing processing equipment
has to be removed to provide the required space for CO2 injection equipment. Removal of living
quarters, deck cranes and helicopter decks is not required.
Figure 1 (left): Typical SEP top deck layout with existing gas production equipment
Figure 2 (right):  Typical SEP top deck layout after equipment removal and installation of 8 x 3.5
MW heating skids
Due to the generic nature of this study, it is recommended that each candidate platform is reviewed
individually for the suitability for CO2 injection. Re-using WOS-type platforms is an option when a
larger platform for the accommodation of the process plant is nearby and is already connected by a
suitable flowline to the WOS.
5. Fuel gas
Natural gas is assumed to be present at each platform. This can either be from a still active gas well
or from the existing gas transportation infrastructure, still connected to the subject platform. This
assumption is critical, both in terms of OPEX as in CAPEX. Having no fuel gas available implies
that heating is provided by using fuel oil or by running a new separate fuel gas pipeline from a
(nearby) host platform. Both alternatives would be prohibitively expensive.
In our study we assumed that locally produced fuel gas carries no commercial value; only notional
costs for production per unit of fuel gas has been assumed.
30
C
A: compressor coolers (9.5x4.5m)
B: compressor module (9.5x4.5m)
C: water storage tank    (6.0x4.0m)
D: deck hatches (wells)
A
B
D
Eight heater skids of 3 x 12 x 3 m (3.5 MW each) on top deck of a typical SEP
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6. Seismic survey
It might be expected that during the injection phase regular surveys are required to monitor the
injection progress in the reservoir and to confirm seal integrity. We have assumed that such a
survey has to be repeated every two years and is also required prior to first injection to establish a
base line and again twice, up to 10 years after termination of injection, to assess the final result.
7. Cost estimate for reuse of existing platforms
The life cycle for the offshore facilities being reused can be subdivided into four consecutive
phases: mothballing, hibernation, modification to CO2 injection duty (removal of old equipment and
installation  of  new  equipment)  and  CO2 injection. Each phase is costed separately. The capital
(Table 1) and operational costs (Table 2) are estimated for the typical platforms SAT en SEP.
CAPEX (million €) SEP (8 wells) SAT (4 wells)
Mothballing 4.6 2.6
Removal of equipment 1.8 1.2
Installation of equipment 19.0 12.0
Total cost 25.4 15.8
Average cost per injection well 3.2 4.0
Table 1: CAPEX for reuse of existing platforms
OPEX (million € per year) SEP (8 wells) SAT (4 wells)
Pre-injection phase
Hibernation 1.5 0.7
Injection phase
CO2 injection (incl seismic survey) 15.7 6.0
Natural gas consumption 0.7 0.4
Total cost injection phase 16.4 6.4
Average cost per injection well 2.1 1.6
Well maintenance, once off : € 1.5 million
Table 2: OPEX for reuse of existing platforms
The presented natural gas consumption costs are based on a ‘technical cost’ reimbursement
(estimated  at  EUR  0.03  per  Nm
3
, all-in). For existing platforms the assumption is that gas
production wells can be reused for CO2 injection and no additional wells or work-overs are
required; however in our cost estimates we have assumed (once-off) costs for a well integrity
review.
The overall accuracy of the cost estimates will be in the range of - 20% to + 50%.
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8. Abandonment
After the CO2 injection phase, the wells and platforms are to be abandoned. For pipelines there are
only costs included for removal of risers and for flushing and cleaning; physical removal of
pipelines is assumed not to be required. It is further assumed that a seismic survey is to be required
at the end of production to establish a ‘baseline’; to be repeated twice (once every five years) to
determine if the injected CO2 is not leaking out of the reservoir.
Platform type SEP (8 wells) SAT (4 wells)
Million € Million €
Well P&A 9.00 6.00
Mob/demob rig and other related once-off costs 2.00 2.00
Topsides Cleaning & Decontamination 0.50 0.40
Preparation for Removal 3.00 2.00
Lift vessel mob / Grillage 3.00 2.00
Offshore removal/ Transportation 5.00 3
Offshore site clearance 0.50 0.5
Off loading to quay 1.00 0.7
Onshore Disposal 2.00 0.13
Engineering & Project Management 2.60 1.7
Pipelines tie/off, removal of riser (s) 3.00 2
Total (rounded) 31.50 20.50
Seismic shoots after abandonment and once every
5 years for a total period of 10 years: 8.65 5.55
Table 3: Abandonment costs
9. Partial abandonment
Time lag between decommissioning of the gas production phase and re-commissioning for CO2
injection service is important. If more than 8-10 years, it might be advisable to remove the platform,
but to suspend the wells. For the CO2 injection phase, a new platform will be installed at the same
location and the suspended wells will be tied-back and re-completed for injection service. Pre-
requisite is that the candidate wells for suspension are fitted with a mud-line hanger system.
For subsequent tie-back of the suspended wells we have assumed a total cost of EUR 10 million
per well in order to remove the plugs, clean-out, re-complete and tie-back to the platform. Costs for
a new 4 wells mono-tower are EUR 39.5 million.
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10. New CO2 injection platforms at new field locations.
For the comparison of modified existing platforms against new platforms for CO2 injection a cost
estimate for a typical CO2 injection platform is provided. The basis for the cost estimate is a
compact platform design for accommodation of four newly-drilled injection wells. The platform is
based on the mono-tower principle and is considered to be a WOS-type.
Figure 3: Example of new CO2 injection platform
The cost  estimate  including  CAPEX and OPEX is  provided  in  Table  4.  More  details  on  the  cost
estimate can be found in the report [1].
Four well mono-tower CAPEX OPEX
million € million € per year
Construction 39.5 -
Wells (€ 30 mln/well) 120.0 -
CO2 injection - 5.8
Natural gas consumption - 0.4
New platforms total cost 159.5 6.2
Average cost per injection well 39.9 1,5
Table 4: Cost estimate of new injection platform
It can be concluded that new platforms are much more expensive compared to the modified existing
platforms. This is mainly resulting from the cost to drill and complete new wells. For the existing
platforms it was assumed that existing wells could be reused for CO2 injection without any
modification or work over. The difference in construction cost is mainly the cost of the new
platform, since the process facility costs are almost equal. The operational costs for new platforms
are lower, since it can be specifically designed for low maintenance and attendance.
It should be noted that it is assumed that the new wells target the depleted gas reservoirs, notionally
put at 4000 mTVD. Obviously, it might be considered to drill new wells to other targets, like
(shallower) aquifers or depleted oil reservoirs, and as such could represent an opportunity to
optimise drilling costs.
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11. Subsea completions
Subsea  well  completions  are  an  option  only  when  the  CO2 heating can be accommodated on an
existing or new nearby platform. The cost estimate for the subsea completion including four newly-
drilled wells is provided in Table 5.
Figure 1: Example of subsea completion
Subsea Completion CAPEX
million €
Materials & Fabrication 0.8
Miscellaneous 0.5
Onshore preparations 0.5
Offshore install (rig & crane vessel 100 t) 2.5
Wells (4) 120
incl 25% weather, TOTAL 124.3
Table 5: Cost for a subsea completion
12. Conclusions/Recommendations:
Based on this study, a relatively simple process installation with no major electrical power
consuming equipment is required for CO2 injection. Heating is required for all stages of
development. The process installation should preferably be mounted on a modular skid. This way,
economy of scale and standardisation might be achieved and due to the relatively short injection
phase these skid modules can easily be relocated to other platforms cost effectively. Standardisation
and simplification might further develop in an opportunity to operate the process installation with
minimum personnel attendance and with minimum maintenance, opening up the possibility for
unmanned operation.
The phase behaviour of CO2 is complicated and to confirm that the proposed process installation is
sufficient it is recommended to gather more information on the injection behaviour of CO2,
especially in combination with reservoir behaviour. This information is also required to optimise
required heating capacities and configuration of process equipment.
Re-use of existing (oil-field) equipment is rather limited. Both large and medium sized existing
platforms can be used for conversion to CO2 injection. Wellhead on a stick type platforms are
generally not suitable for conversion.
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New platforms are much more expensive compared to the modified existing platforms.
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